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Methods And Agents For The Treatment Of Cancer 

FIELD OF THE INVENTION 

The present invention relates to methods for modulating cell activity mediated by 
mitogen activated protein kinases (MAFs) and more particularly, inhibition of the growth 
and/or the proliferation of cancer cells. There are also provided agents for use in the 
methods of the invention. 

BACKGROUND OF THE INVENTION 

The spread of cancer cells involves tumour cell migration through the extracellular 
matrix scaffold, invasion of basement membranes, arrest of circulating tumour cells, and 
tumour cell extravasation and proliferation at metastatic sites. Detachment of cells from 
the primary tumour mass and modification of the peri-cellular environment aid 
penetration of tumour cells into blood and lymphatic vessels. It is the invasive and 
metastatic potential of tumour cells that ultimately dictates the fate of most patients 
suffering from malignant diseases. Hence, tumourigenesis can be viewed as a tissue 
remodelling process that reflects the ability of cancer cells to proliferate and digest 
surrounding matrix barriers. These events are thought to be regulated, at least in part, by 
cell adhesion molecules and matrix-degrading enzymes. 

Cell adhesion receptors on the surface of colon cancer cells are involved in complex 
cell signalling which may regulate cell proliferation, migration, invasion and metastasis 
and several families of adhesion molecules have now been identified including integrins, 
cadherins, the immunoglobulin superfamily, hyaluronate receptors, and mucins. In 
general, these cell surface molecules mediate both cell-cell and cell-matrix binding, the 
latter involving attachment of tumour cells to extracellular scaffolding molecules such as 
collagen, fibronectin and laminin. 

Of all the families of cell adhesion molecules, the best-characterised is the family 
known as integrins. Integrins are involved in several fundamental processes including 
leucocyte recruitment, immune activation, thrombosis, wound healing, embryogenesis, 
virus internalisation and tumourigenesis. Integrins are transmembrane glycoproteins 
consisting of an alpha (a) and beta (0) chain in close association that provide a structural 
and functional bridge between extracellular matrix molecules and cytoskeletal 
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components with the cell. The integrin family comprises 17 different a and 8 ft subunits, 
and the ccp combinations are subsumed under 3 subf amilies. 

Excluding the leucocyte integrin subfamily that is designated by the P2 
nomenclature, the remaining integrins are arranged into two major subgroups, 
designated pi and av based on sharing common chains. 

In the pi subfamily, the pi chain combines with any one of nine a chain members 
(al-9), and the a chain which associates with pi determines the matrix-binding specificity 
of that receptor. For example, o2pi binds coUagen and laminin, o3pl binds collagen, 
laminin and fibronectin, and cSpi binds fibronectin. In the ov subfamily of receptors, the 
abundant and promiscuous av chain combines with any one of five P chains, and a 
distinguishing feature of av integrins is that they all recognise and bind with high affinity 
to argiiune-glydne-aspartate (RGD) sequences present in die matrix molecules to which 
they adhere. 

The current picture of integrins is that the N-tenninal domains of a and p subunits 
combine to form a ligand-binding head. This head, containing the cation binding 
domains, is connected by two stalks representing both subunits, to the membrane- 
spanning segments and thus to the two cytoplasmic domains. The p subunits all show 
considerable similarity at the amino acid level. All have a molecular mass between 90 and 
110 kDa, with the exception of p4 which is larger at 210 kDa. Similarly, they all contain 56 
conserved cysteine residues, except for p4 which has 48. These cysteines are arranged in 
four repeating patterns which are thought to be linked internally by disulphide bonds. 
The a-subunits have a molecular mass ranging from 150 - 200 kDa. They exhibit a lower 
degree of similarity than the P chains, although all contain seven repeating amino acid 
sequences interspaced with non-repeating domains. 

The P subunit cytoplasmic domain is required for linking integrins to the 
cytoskeleton. In many cases, this linkage is reflected in localisation to focal contacts, 
which is believed to lead to the assembly of signalling complexes that include a-actinin, 
talin, and focal adhesion kinase (FAK). At least three different regions that are required 
for focal contact localisation of pi integrins have been delineated (Reszka et al, 1992). 
These regions contain conserved sequences that are also found in the cytoplasmic 
domains of the p2, p3, p5, p6 and P7 integrin subunits. The functional differences between 
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these cytoplasmic domains with regard to their signalling capacity have not yet been 
established. 

The integrin p6 subunit was first identified in cultured epithelial cells as part of the 
avp6 heterodimer, and the ocvP6 complex was shown to bind fibronectin in an arginine- 
glydne-aspartate (RGD)-dependent manner in human pancreatic carcinoma cells 
(Sheppard et al, 1990). The p6 subunit is composed of 788 amino acids and shares 34 - 
51% sequence homology with other integrin subunits pi - P5. The P6 subunit also 
contains 9 potential glycosylation sites on the extracellular domain (Sheppard et al, 1990). 
The cytoplasmic domain differs from other subunits in that it is composed of a 41 amino 
acid region that is highly conserved among integrin subunits, and a unique 11 amino acid 
carboxy-terminal extension. The 11 amino acid extension has been shown not to be 
necessary for localisation of P6 to focal contacts. In fact, its removal appears to increase 
receptor localisation. However, removal of any of the three conserved regions identified 
as important for the localisation of pi integrins to focal contacts (Reszka et al, 1992) has 
been shown to eliminate recruitment of p6 to focal contacts (Cone et al, 1994). 

The integrin avP6 has previously been shown to enhance growth of colon cancer 
cells in vitro and in vivo, and this growth-enhancing effect is due, at least in part, to ccvP6 
mediated gelatinase B secretion ( Agrez et al, 1999). What has made this epithelial- 
restricted integrin of particular interest in cancer is that it is either not expressed or 
expressed at very low levels on normal epithelial cells, but is highly expressed during 
wound healing and tumourigenesis, particularly at the invading edge of tumour cell 
islands (Breuss et al, 1995; Agrez et al, 1996). 

Integrins can signal through the cell membrane in either direction. The extracellular 
binding activity of integrins can be regulated from the cell interior as, for example, by 
phosphorylation of integrin cytoplasmic domains (inside-out signalling), while the 
binding of the extracellular matrix (ECM) elicits signals that are transmitted into the cell 
(outside-in signalling) (Giancotti and Ruoslahti, 1999). Outside-in signalling can be 
roughly divided into two descriptive categories. The first is 'direct signalling' in which 
ligation and clustering of integrins is the only extracellular stimulus. Thus, adhesion to 
ECM proteins can activate cytoplasmic tyrosine kinases (eg. focal adhesion kinase FAK) 
and serine/ threonine kinases (such as those in the mitogen-activated protein kinase 
(MAPK) cascade) and stimulate lipid metabolism (eg. phosphatidylinositol-4, 5- 
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biphosphate (P 1 P 2 ) synthesis. The second category of integrin signalling is 'collaborative 
signalling', in which integrin-mediated cell adhesion modulates signalling events initiated 
through other types of receptors, particularly receptor tyrosine kinases that are activated 
by polypeptide growth factors (Howe et al, 1998). In all cases, however, integrin- 
5 mediated adhesion seems to be required for efficient transduction of signals into the 
cytosol or nucleus. 

MAP kinases behave as a convergence point for diverse receptor-initiated signalling 
events at the plasma membrane. The core unit of MAP kinase pathways is a three- 
member protein kinase cascade in which MAP kinases are phosphorylated by MAP 

10 kinase kinases (MEKs) which are in turn phosphorylated by MAP kinase kinase kinases 
(e.g. Raf-l)(Garrington and Johnson, 1999). Amongst the 12 member proteins of the 
MAP kinase family are the extracellular signal-regulated kinases (ERKs) (Boulton et al, 
1991) activated by phosphorylation of tyrosine and threonine residues which is the type 
of activation common to all known MAP kinase isoforms. ERK 1/2 (44kD and 42kD 

15 MAPks, respectively) share 90% amino acid identity and are ubiquitous components of 
signal transduction pathways (Boulton et al, 1991). These serine/ threonine kinases 
phosphorylate and modulate the function of many proteins with regulatory functions 
including other protein kinases (such as P 90 rak ) cytoskeletal proteins (such as microtubule- 
associated phospholipase A 2 ), upstream regulators (such as the epidermal growth factor 

20 receptor and Ras exchange factor) and transcription factors (such as c-myc and Elk-1). 

ERKs play a major role in growth-promoting events, especially when the concentration of 
growth factors available to a ceU is limited (Giancotti and Ruoslahti, 1999). 

Recently, MAP kinases have been found to associate directly with the cytoplasmic 
domain of integrins, and the binding domains of P3, B5 and 06 for ERK2 have been 
25 characterised (see International Patent Application No. WO 01/000677 and International 
Patent Application No. WO 02/051993). Those patent applications also showed that the 
cellular activity of cancer cells expressing B6 can be modulated by inhibiting binding of 
the MAP kinase with the integrin by treating the cells with peptides comprising the 
binding domain for the MAP kinase linked to the carrier peptide penetratin. 

30 The distribution of 06 integrin subunit within various tissues has been assessed by 

both in situ hybridisation and immunostaining and reported in the art For instance, 06 
mRNA in adult primate tissues was detected only in epithelial cells and at very low or 
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undetectable levels in most normal tissues (Breuss et al, 1993). High-level expression of 
P6 has been observed in secretory endometrial glands while low-level expression was 
detected in the ductal epithelia of salivary gland, mammary gland and epididymis, in gall 
and urinary bladder, and in the digestive tract 

5 Immunostaining data have also shown that P6 expression is restricted to epithelia 

and is up-regulated in parallel with morphogenetic events, tumourigenesis and epithelial 
repair (Breuss et al, 1993; 1995). During development of the kidney, lung and skin, P6 is 
expressed by specific types of epithelial cells, whereas it is mostly undetectable in normal 
adult kidney, lung and skin. In contrast, high level expression of B6 has been observed in 

10 several types of carcinoma. For example, 66 is almost invariably neo-expressed in 

squamous cell carcinomas derived from the oral mucosa, and often focally localised at the 
infiltrating edges of tumour cell islands (Breuss et al, 1995). Moreover, expression of the 
P6 subunit has been observed in renal cell carcinoma and testicular tumour cell lines 
(Takiuchi et al, 1994) and 50% of lung cancers have been shown to express mis subunit 

15 (Smytheetal,1995). 

Recent studies have also shown that ccvB6 is a major fibronectin-binding receptor in 
colorectal cancer (Agrez et al, 1996). In addition, normal colonic epithelium from cancer 
patients does not express ccvB6 in immunostaining studies, and as with squamous cell 
carcinomas from the oral mucosa (Thomas et al, 1997), maximal B6 expression in colon 
20 cancer has been observed at the invading edges of tumour cell islands (Agrez et al, 1996). 

Indeed, the p6 subunit is widely observed in cancers of various origins (Breuss et al, 
1995). For example, P6 is detected in at least 50% of bowel cancer tumours. Others have 
reported its presence in oropharyngeal cancers where it is also present and strongly 
expressed in the invading margins of the cancer cell islands as is commonly found in 
25 bowel cancer. In the oropharyngeal mucosa, no p6 is observed in the normal lining cells 
of the mouth but in both primary and metastatic tumours from the oropharyngeal 
mucosa, strong p6 expression is seen which does not correlate with degree of 
differentiation and in particular, is restricted to the basal layer of epithelial cells. 

Expression of B6 is also up-regulated in migrating keratinocytes at the wound edge 
30 during experimental epidermal wound healing. avP6 is not expressed in normal 

epithelium (Jones et al, 1997), However, following experimental wounding, av appears to 
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switch its heterodimeric association from 05 to 06 subunit during re-epithelialisation. At 
day 3 after wounding, 06 is absent but then appears around the perimeter of the basal 
cells of the migrating epidermis. 

In human mucosal wounds, maximal expression of 06 has been observed relatively 
5 late when epithelial sheets are fused and granulation tissue is present (Haapasalmi et al, 
1996), Furthermore, those investigators observed maximal expression of tenascin with 
ocv06 expression. Interestingly/ freshly isolated keratinocytes have not been found to 
express 06 but begin to express this after subculturing. In contrast to persistent av06 
expression observed in colon cancer cells, new expression of ocv06 in migrating 
10 keratinocytes is down-regulated to undetectable levels once re-epithelialisation is 

complete. However in normal unwounded skin, just as in other normal epithelia, otv06 
expression is absent indicating that this MAP kinase activation pathway is normally 
suppressed. 

SUMMARY OF THE INVENTION 

15 The present invention relates to the observation that the cellular activity of at least 

some types of cancer cells can be inhibited using an agent which binds to a binding 
domain of a MAP kinase for an integrin regardless of whether the integrin is expressed by 
the cells or not. It has also been found that some cancer cells may be substantially more 
susceptible to treatment with such an agent than corresponding normal cells. The reason 

20 for this is not known but this remarkable observation allows for essentially selective 
treatment of such cancers. In addition, the present invention in another form relates to 
the prophylaxis or treatment of blood cell cancers. 

Accordingly, in one aspect of the present invention there is provided a method for 
prophylaxis or treatment of a cancer in a mammal, the method comprising treating the 
25 mammal with an effective amount of an agent that binds to a MAP kinase such that the 
capacity of the MAP kinase to bind with an integrin is inhibited, wherein the integrin is 
essentially not expressed by cancer cells of the cancer. 

Typically, the agent will bind to a binding domain of the MAP kinase for the 
integrin. 
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Hence, in another aspect of the present invention there is provided a method for 
prophylaxis or treatment of a cancer in a mammal, the method comprising treating the 
mammal with an effective amount of an agent which binds to a binding domain of a MAP 
kinase for an integrin, wherein the integrin is essentially not expressed by cancer cells of 
5 the cancer. 

In a further aspect of the present invention there is provided a method for 
prophylaxis or treatment of a circulating blood cell cancer in a mammal, die method 
comprising treating the mammal with an effective amount of an agent which inhibits 
binding of the MAP kinase to the integrin, 

10 In this instance, the agent may bind to either the MAP kinase or the integrin if die 

integrin is expressed by the cancer cells. 

Typically, the agent will incorporate a carrier moiety for facilitating passage of the 
polypeptide across the cell membrane of the cancer cells. The carrier moiety will 
preferably be a signal peptide. The signal peptide will generally be a signal peptide for a 
15 growth factor and most preferably, a signal peptide for Kaposi fibroblast growth factor 
(K-FGF). Usually, the signal peptide will comprise or consist of the amino acid sequence 
AAVALLPAVLLALLA, or a homologue, analogue, variant or derivative thereof. 

Unexpectedly, it has been found that greater inhibition of cancer cell activity can be 
achieved with a signal peptide having or incorporating the amino acid sequence 

20 AAVALLPAVLLALLA compared to other carrier moieties such as penetratin or for 

instance the 03 signal peptide VTVLALG ALAGVGV G. Preferably, the signal peptide will 
have the amino acid sequence AAVALLPAVLLALLAP. It is believed the greater degree 
of inhibition of cellular activity observed is due to the greater capacity of the signal 
peptide to translocate across the outer cellular membrane. This is surprising as it was 

25 expected that the signal peptide for an integrin subunit chain would be more effective. 

Accordingly, in another aspect of the present invention there is provided a method 
for prophylaxis or treatment of a cancer in a mammal, the method comprising 
administering to the mammal an effective amount of an agent incorporating a binding 
moiety which binds to a binding domain of a MAP kinase for an integrin and a signal 
30 peptide having the amino acid sequence AAVALLPAVLLALLA for facilitating passage of 
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the binding moiety into cancer cells of the cancer, or a homologue, analogue, variant or 
derivative of the signal peptide. 

In a further aspect of the present invention there is provided an agent for 
prophylaxis or treatment of a cancer in a mammal, the agent comprising a binding moiety 
which binds to a binding domain of a MAP kinase for an integrin and a signal peptide 
having the amino acid sequence AAVALLPAVLLALLA for f acilitating passage of the 
binding moiety into cancer cells of the cancer, or a homologue, analogue, variant or 
derivative of the signal peptide. 

Preferably, the agent utilised in a method of the invention will be a polypeptide. 
The polypeptide may for example be a fusion protein. Preferably, the polypeptide will 
comprise the binding domain of the integrin to which the MAP kinase binds. In me 
instance not all the amino adds in the binding domain are involved in the binding 
interaction with the MAP kinase, the polypeptide may comprise only those amino acids of 
the binding domain which are directly involved in the binding interaction. 

Preferably, the polypeptide will comprise the amino acid sequence 
RSKAKWQTGTNPLYR, RARAKWDTANNPLYK, or RSRARYEMASNPLYR. Most 
preferably, the polypeptide will comprise an amino acid sequence selected from 
RSKAKNPLYR, RARAKNPLYK and KSRARNPLYR Surprisingly, it has also been found 
that the amino acid sequence KEKLKNPLFK derived from the sequence 
KEKLKSQWNNDNPLFK of the cytoplasmic domain of the (32 integrin subunit can bind 
to a MAP kinase. 

Hence, in another aspect of the present invention there is provided a method for 
prophylaxis or treatment of a cancer in a mammal, the method comprising treating the 
mammal with an effective amount of an agent for inhibiting binding of the MAP kinase to 
a P2 integrin subunit. 

In yet another aspect of the present invention there is provided a method for 
modulating activity of cancer .cells, the method comprising contacting the cells with an 
effective amount of a polypeptide having the sequence KEKLKNPLFK which binds to a 
binding domain of a MAP kinase for an integrin, or a homologue, analogue, variant or 
derivative thereof. 
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In still another aspect of the present invention there is provided an agent for 
modulating activity of cancer cells, the agent comprising a polypeptide having the 
sequence KEKLKNPLFK, or a homologue, analogue, variant or derivative thereof. 

There are also provided nucleic acid sequences encoding polypeptides, 
homologues, analogues, and variants of the invention, recombinant vectors incorporating 
the nucleic acid sequences, and host cells transfected with such vectors- The vectors may 
for instance be cloning vectors, or expression vectors for expression of the polypeptides. 
In addition, the present invention relates to the use of the agents of the invention, 
including nucleic acids and vectors incorporating them, in the manufacture of 
medicaments for the prophylaxis or treatment of cancer. 

Typically, a polypeptide of the invention or administered to a mammal in 
accordance with the invention will have a length of about 150 amino acids or less, more 
preferably about 75 amino or 50 amino acids or less and most preferably, about 40 amino 
acids or less. When the polypeptide is a fusion protein or agent incorporating a carrier 
moiety, the binding moiety that binds to the integrin will generally have a length of 
between about 5 to about 50 amino acids and more preferably, a length of between about 
5 to about 35 amino acids. 

Rather than administering a polypeptide to the mammal, a nucleic acid molecule 
encoding the polypeptide or a homologue or variant thereof may be administered for 
expression of the polypeptide within the cancer cells. The nucleic acid sequence can be 
introduced into the cells in an appropriate expression vector for expression of the nucleic 
acid sequence extrachromosomally or more preferably, for integration of the nucleic acid 
sequence into genomic DNA by recombination events prior to expression of the 
polypeptide. Alternatively, the cells may be transfected with a nucleic acid molecule 
incorporating nucleotide sequences flanking the sequence encoding the polypeptide 
which f adlitate recombination with genomic DNA for expression of the polypeptide 
under the control of the transfected cell's own transcriptional regulatory sequences. 
Usually, the nucleic acid will be delivered intracellularly to the cancer cells by a viral 
vector. Adenovirus are preferred. 



Preferably, the integrin will be a member of the aV integrin subfamily. More 
preferably, the integrin is or incorporates an integrin subunit selected from the group 
consisting of P2, P3, £5, and £6. 
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Preferably, the MAP kinase will be selected from the group consisting of an 
extracellular signal-regulated kinase (ERK), a JNK MAP kinase, and a P 38 MAP kinase. 
Preferably, the MAP kinase is ERK1, ERK2 or JNK-1. Most preferably, the MAP kinase is 
ERK2. 

By "cancer" is meant any type of unregulated cell proliferation. The cancer may for 
instance be selected from the group consisting of an epithelial cell cancer, prostate cancer, 
a lymphoma or blood cell cancers and other cancers, including leukemias such as myeloid 
leukemias, eosinophilic leukemias and granulocytic leukemias. Where the cancer is a 
blood cell cancer, the agent with which the mammal is treated may bind to an integrin 
expressed by the blood cells of the cancer or to the MAP kinase such that binding of the 
MAP kinase with the integrin is thereby blocked or down-regulated. Typically, the agent 
will bind to the binding domain of the integrin for the MAP kinase or to the binding 
domain of the MAP kinase that binds to the integrin. In the instance the agent binds to 
the integrin, the agent will usually be a fragment of the MAP kinase comprising the 
binding domain for the integrin, or a homologue, variant analogue or derivative of such a 
fragment. Again, in the instance not all amino acids in the binding domain participate in 
the binding interaction, the agent may comprise only those amino adds of the binding 
domain which are directly involved in the binding interaction. The integrin may for 
example comprise £2 the expression of which is restricted to white blood cells (Hines et al, 
1992). 

Suitable fragments of MAP kinases capable of binding with an integrin are 
described in International Patent Application No. WO 02/ 051993 and include the amino 
acid sequences HRDLKPSNLLLbTTTCDLKICDFGLAR and PSNLLLNTTCDLKIQ and 
regions of such sequences. 

The mammal may be any mammal treatable with a method of the invention. For 
instance, the mammal may be a member of the bovine, porcine, ovine or equine families, a 
laboratory test animal such as a mouse, rabbit guinea pig, a cat or dog, or a primate or 
human being. Typically, the mammal will be a human being. 

Throughout this specification the word "comprise", or variations such as 
"comprises" or "comprising", will be understood to imply the inclusion of a stated 
element, integer or step, or group of elements, integers or steps, but not the exclusion of 
any other element integer or step, or group of elements, integers or steps. 
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In order that the nature of the present invention may be more clearly understood, 
preferred forms thereof will now be described with reference to the following non- 
limiting examples. 

BRIEF DESCRIPTION OF THE FIGURES 

5 Figure 1 is a graph showing the binding of an ERK2 fragment to the cytoplasmic 

domain of P6; 

Figure 2 is a graph showing the binding of the MAP kinases ERK1 and ERK2 to a 
fragment comprising the binding domain of p6; 

Figure 3 is a graph showing the binding of ERK2 to the peptide KEKLKNPLFK 
10 comprising the binding sequence of P£ 

Figure 4 is a graph showing the binding of the MAP kinases EKK2, p38 and JNK-1 
to the cytoplasmic domain of P6; 

Figure 5 is a graph showing the inhibition of the activity of HT29 colon cancer cells 
by a peptide comprising the binding domain of p6 for ERK2 linked to the p3 signal 
15 peptide or the modified K-FGF signal peptide AAVALLPAVLLALLA; 

Figure 6 is a graph showing the inhibition of HT29 colon cancer cells using the 
peptide RSKAKNPLYR linked to penetratin or the modified K-FGF signal peptide 
AAVALLPAVLLALLA; 

Figure 7 is a graph showing a comparison of the inhibitory effect of the peptide 
20 RSKAKNPLYR linked to K-FGF signal peptide with and without a terminal proline 
residue on the proliferation of HT29 colon cancer cells; 

Figure 8 shows FACScan analysis results for (A) normal human umbilical vein 
endothelial cells (HUVEC), (B) SH-SY5Y neuroblastoma cells, (C) HL60 leukemia cells, (D) 
DU 145 prostate cancer cells, and (E) HMEC-1 endothelial cells; 



25 



Figure 9 shows FACScan analysis results for, (A) HT29 colon cancer cells, (B) H460 
lung cancer cells and (C) melanoma cells; 
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Figures 10A to Fare graphs showing the activity of the peptide RSKAKNPLYR 
linked to the modified K-FGF signal peptide AAVALLPAVLLALLA on different cell 
lines; 

Figure 10G is a graph showing the activity of the 
5 AAVALLPAVLLALLARSRARNPLYR peptide on HT29 colon cancer cells compared to 
the 05 peptide RSRARYEMASNPLYR linked to the same signal peptide; 

Figure 10H is a graph comparing the inhibitory effect of the peptide 
AAVALLPAVLLALLAPRSKAKNPLYR on the proliferation of HUVEC and HMEC-1 

cells; 

10 Figure 101 is a graph showing the inhibitory activity of the 03 peptide 

RARAKNPLYK linked to AAVALLPAVLLALLA on the proliferation of HT29 colon 
cancer cells; 

Figure 11 is a graph showing a comparison of the effect of the peptide 
AAVALLPAVLLALLAPRSKAKNPLYR compared to 5-fluorouracil on the proliferative 
15 response of HT29 colon cancer cells; 

Figure 12 is a graph comparing the toxicity of the peptides 
AAVALLPAVLLALLARSBCAKWQTGTNPLYR compared to 5-fluorouracil on HUVEC 

cells; 

Figure 13 is a graph comparing the effect of the peptide 
20 AAVALIPAVLLALLAPRSKAKNPLYR and the chemotherapeutic agent CPT-11 on the 
proliferation of HT29 colon cancer cells; 

Figures 14A and B are graphs showing the effect of the intra-tumoural injection of 
mice with the peptide AAVALLPAVLLALLARSKAKWQTGTNPLYR on the tumour 
growth of HT29 colon cancer cells and mouse weight respectively; and 

25 Figure 15 is a graph showing the effect of the intraperitoneal injection of mice with 

the peptide AAVALIPAVLI^LLARSKAKWQTGTNPLYR on the tumour growth of 
HT29 colon cancer ceils. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE PRESENT INVENTION 

In the broadest sense, the term "integral" unless otherwise specified, is to be taken to 
encompass an integrin family member or integrin subunit, or a homologue, derivative, 
variant or analogue of an integrin subunit, or an integrin family member incorporating at 
5 least one such homologue, derivative, variant or analogue of an integrin subunit. 

By binding domain" is meant the minimum length of contiguous amino acid 
sequence of the MAP kinase or integrin required for binding of the integrin or MAP 
kinase, respectively. 

Hie term "homologue" is to be taken to mean a molecule that has amino acid 
10 sequence similarity. The homology between amino add sequences is determined by 

comparing amino acids at each position in the sequences when optimally aligned for the 
purpose of comparison. The sequences are considered homologous at a position if die 
amino acids at that position are the same. Typically, a homologue will have an overall 
amino acid sequence homology of at least about 50% or 70% and most preferably, greater 
15 than about 80%, 90% or 98% sequence homology. Homology with a binding domain may 
be greater than the overall amino acid sequence homology of the homologue and will 
usually be greater than about 80% and preferably, greater than about 90%, 95% or 98%. 

A homologue may be provided by, or the result of, the addition of one or more 
amino adds to an amino add sequence, deletion of one or more amino adds from an 

20 amino add sequence and /or the substitution of one or more amino adds with another 
amino acid or amino adds. Inversion of amino adds and other mutational changes that 
result in alteration of an amino add sequence are also encompassed. A homologue may 
be prepared by introdudng nudeotide changes in a nudeic add sequence such that the 
desired amino add changes are achieved upon expression of the mutagenised nudeic add 

25 or for instance, by synthesising an amino add sequence incorporating the desired amino 
add changes. 

The substitution of an amino add may involve a conservative or non-conservative 
amino add substitution. By conservative amino acid substitution is meant repladng an 
amino add residue with another amino add having similar stereochemical properties 
30 which does not substantially affect the conformation or the desired aspect or aspects of 
characteristic biological function. Preferred homologies indude ones having amino add 
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sequences in which one or more amino acids have been substituted with alanine or other 
neutrally charged amino acid residue(s), or to which one or more such amino acid 
residues have been added. A homologue may also incorporate an amino acid or amino 
acids not encoded by the genetic code. 

By the term Variant" is meant an isoform of a polypeptide or fragment thereof, a 
naturally occurring mutant form of a polypeptide or fragment thereof, or a polypeptide or 
fragment thereof encoded by an allelic variant or partial nucleic acid sequence thereof. 

The term "analogue" encompasses a molecule that differs from the original molecule 
but retains similarity in one or more features that provide the biological function 
characteristic of the original molecule. An analogue may have substantial overall 
structural similarity with the original molecule or only structural similarity with one or 
more regions of the original molecule responsible for the desired characteristic biological 
function. By "structural" similarity it is meant similarly in shape, conformation and/or 
other structural features responsible for the provision of the biological function or which 
otherwise have involvement in the provision of the biological function. Alternatively, it 
will be understood that with knowledge of the region(s) or domain(s) of a molecule 
having the desired characteristic biological function or knowledge of a binding domain to 
which the molecule binds, analogues may be provided that while differing in structure or 
chemical groups nevertheless possess such biological function. Indeed, an analogue may 
be a mimetic such as a peptido-mimetic. However, it is not necessary that an analogue 
have amino acid sequence homology, and an analogue may not be proteinaceous at all. 

By the term "derivative" is meant a molecule that is derived or obtained from the 
original molecule and which retains one or more aspects or characteristic biological 
function of that molecule. A derivative may for instance be provided as a result of the 
cleavage of the original molecule, cyclisation and/ or coupling with one or more 
additional moieties that improve solubility, lipophilic characteristics to enhance uptake by 
cells, stability or biological half-life, increased cellular toxicity, or for instance to act as a 
label for subsequent detection or the like. A derivative may also result from post- 
translational or post-synthesis modification such as the attachment of carbohydrate 
moieties, or chemical reaction(s) resulting in structural modification^) such as the 
alkylation or acetylation of amino acid residues or other changes involving the formation 
of chemical bonds. 
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The term "polypeptide" is used interchangeably herein with "peptide" and 
encompasses amino acid sequences incorporating only a few amino acid residues or many 
amino add residues coupled by peptide bonds. For instance, it will be understood that 
agents such as RSKAKNPLYR and KEKLKNPLYR fall within the scope of the term. 

The binding domain of an integrin to which a MAP kinase binds or the binding 
domain of the MAP kinase for the integrin may be identified and characterised using 
protocols and techniques described in International Patent Application No. WO 
01/000677 and International Patent Application No. WO 02/051993, the disclosures of 
both of which are expressly incorporated herein by reference in their entirety. 

More specifically, a binding domain may be localised by assessing the capacity of 
respective overlapping peptide fragments of the cytoplasmic domain of an integrin 
subunit or from a MAP kinase to bind with the MAP kinase or integrin, respectively. The 
specific amino acid sequence which constitutes the binding domain may then be 
determined utilising progressively smaller peptide fragments. In particular, test peptides 
are readily synthesised to a desired length involving deletion of an amino acid or amino 
acids from one or both of the N-terminal and C-terminal ends of the larger amino acid 
sequence, and tested for their ability to bind with the MAP kinase or the integrin. This 
process is repeated until the minimum length peptide capable of binding with the MAP 
kinase or the integrin substantially without compromising the optimum observed level of 
binding is identified. 

The identification of amino acids that play an active role in the MAP kinase integrin 
interaction may be achieved with the use of further synthesised test peptides in which one 
or more amino acids of the sequence are deleted or substituted with a different amino 
acid or amino adds to determine the effect on the ability of the peptide to bind with the 
MAP kinase or the integrin. By deletion in this context is meant deletion of one or more 
of the amino adds between the N-terminal and C-terminal amino acid residues of the 
identified binding domain. Typically, substitution mutagenesis will involve substitution 
of selected ones of the amino add sequence with alanine or other relatively neutrally 
charged amino add. 

Nudeotide and amino add sequence data for the $6 integrin subunit for instance is 
found in Sheppard et al, 1990. The nudeotide and amino add sequence for ERK2 may be 
found in Boulton et al, 1991. Reference to such published data allows the ready design of 
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peptide fragments of an integrin subunit cytoplasmic domain for use in the identification 
and localisation of the binding domain of the integrin for the MAP kinase, and the 
identification of corresponding nucleic acid sequences encoding the peptide fragments. 

Localisation and characterisation of a binding domain of an integrin for a MAP 

5 kinase enables the design of agents whichbind to the binding domain for modulation of 
cell activity. This will typically involve determining the physical properties of the 
binding domain such as size and charge distribution, and the tertiary structure of the 
binding domain. Specifically, at least the region of the integrin or MAP kinase containing 
the binding domain is modelled taking into account the stereochemistry and physical 

10 properties of the binding domain such as size and charge distribution as well as its three 
dimensional structure as determined using x-ray crystallography, nuclear magnetic 
resonance and/or commercially available computer modelling software. Such modelling 
techniques are well known in the art. In a variation of this approach, the modelling will 
take into account the binding interaction of the binding domain with the MAP kinase or 

15 the integrin such that any change in conformation arising from the interaction may be 

taken in to account in the design of an analogue. Modelling flanking regions adjacent the 
binding domain also allows the design of agents for binding with such flanking regions 
but which are nevertheless capable of inhibiting the MAP kinase integrin interaction 
either by stearic hindrance or by distorting the conformation of the binding domain of the 

20 MAP kinase or integrin (eg. allostearic inhibitors). 

The design of an analogue will usually involve selecting or deriving a template 
molecule onto which chemical groups are grafted to provide required physical and 
chemical characteristics or for further chemical reactions for achieving the required 
physical and chemical characteristics. The selection of template molecule and chemical 
25 groups is based on ease of synthesis, likely pharmacological acceptability, risk of or 
potential for degradation in vivo, stability and maintenance of biological activity upon 
administration. 

In order to constrain a polypeptide or other agent in a three dimensional 
conformation required for binding, it may be synthesised with side chain structures or be 
30 synthesised incorporating cysteine residues which form a disulfide bridge, or otherwise 
be incorporated into a molecule with a known stable structure in vivo. For example, a 



112266759 

18. 



polypeptide or the like may be incorporated into an amino acid sequence at Least part of 
which folds into a 0-pleated sheet or helical structure such as an a-helix. 

A polypeptide or other agent may also be cyclised to provide enhanced rigidity and 
thereby stability in vivo. Various methods for cyclising peptides, fusion proteins or the 
like are known (eg. Schiller et al., 1985). For example, a synthetic peptide incorporating 
two cysteine residues distanced from each other along the peptide may be cyclised by the 
oxidation of the thiol groups of the residues to form a disulfide bridge between them. 
Cyclisation may also be achieved by the formation of a peptide bond between the N- 
terminal and C-terminal amino acids of a synthetic peptide or for instance through the 
formation of a bond between the positively charged amino group on the side chain of a 
lysine residue and the negatively charged carboxyl group on the side chain of a glutamine 
acid residue. As will be understood, the position of the various amino acid residues 
between which such bonds are formed will determine the size of the cycle. Variation of 
cycle size for optimisation of binding affinity may be achieved by synthesising peptides in 
which the position of amino acids for achieving cyclisation has been altered. The 
formation of direct chemical bonds between amino acids or the use of any suitable linker 
to achieve a desired three-dimensional conformation is also well within the scope of the 
skilled addressee. 

Strategies for identifying agents suitable for use in methods of the present invention 
include large scale screening techniques. For example, peptide library protocols provide 
an efficient way of testing a vast number of potential agents. Such libraries and their use 
are well known. Prospective agents identified may be then further evaluated in suitable 
activity, competitive and other assays. A method of screening for an agent or evaluating 
whether an agent is capable of binding to the binding domain of an integrin for a MAP 
kinase and thereby inhibiting the MAP kinase integrin interaction, may for instance 
involve utilising the agent in an assay whereby the agent has the opportunity of binding 
to the MAP kinase in the presence of the integrin prior to the addition of the integrin, and 
determining whether inhibition of binding of the MAP kinase to the integrin results. An 
alternate screening method may for instance involve selecting a test agent and measuring 
cellular activity of target cells in the presence of the test agent and comparing that 
activity with cellular activity in the absence of the test agent. Cellular activity may be 
assessed by cell growth as indicated by pH]-thymidine uptake or other measurement of 
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cellular activity. As will be understood, a difference in observed functional activity in the 
presence of the test agent is indicative of the modulating effect provided by the test agent. 

It will be understood that the integrin in the context of such assays may be an 
integrin subunit or polypeptide or fragment incorporating the binding domain of the 
integrin to which the MAP kinase binds, or a homolog, analog, variant or derivative of 
such a molecule to which the MAP kinase is capable of binding. Similarly, a MAP kinase 
in this context may be an intact MAP kinase or a fragment thereof incorporating a binding 
domain for the integrin, or a homolog, analog, variant or derivative thereof that is capable 
of binding with the integrin. 

Determination of whether an agent is capable of binding to the binding domain of 
the MAP kinase or integrin may be achieved using a polypeptide or fragment as 
described herein consisting of the binding domain of the integrin or MAP kinase or the 
binding sequence or fragment thereof of the binding domain that directly participates in 
the binding interaction, or analogs or the like of such molecules. 

In this regard, the regions or amino acids in the binding domain that participate in 
the binding interaction may be separated by amino acids that are not involved in the 
binding interaction. The binding sequence of a binding domain is the sequence of amino 
acids which participate in the binding interaction excluding those amino acids in the 
binding domain that do not participate in the binding interaction. As ah example, the 
binding domain of 06 comprises the amino acid sequence RSKAKWQTGTNPLYR. 
However, the intervening amino acid sequence WQTGT does not directly participate in 
binding with the MAP kinase ERK2. That is, even if the sequence WQTGT is deleted, a 
peptide with the amino acid sequence RSKAKNPLYR is still bound by ERK2. Similarly, 
the binding domains of 03 and p5 for ERK2 comprise RARAKWDTANNPLYK and 
RSRARYEMASNPLYR, respectively. Deletion of the intervening sequences WDTAN and 
YEMAS from the sequences yields the peptides RARAKNPLYK and RSRARNPLYR both 
of which are still bound by ERK2. 

Alignment of binding domains of 02, 03 and 05 and 06 results in the concensus 
scheme R/K x R/K * R/K - xx*x* NPL Y/F R/K wherein R/K is either arginine or 
lysine, Y/F is either tyrosine or phenylalanine, x maybe any amino acid, * is a 
hydrophobic amino acid residue, and - is an amino acid (serine) present in the binding 
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domain of p2butnot in the others and which maybe replaced with another amino acid 
such as threonine, tyrosine, asparagine or glutamine, or be deleted. Accordingly, 
peptides are provided that comprise or consist of this sequence that may find application 
in methods of the invention. As indicated above, the intervening amino acid sequence 
5 indicated by -xx*x* may also be deleted such that an agent of the invention comprising or 
consisting of the sequence R/KxR/K*R/KNPLY/FR/K is provided. 

A particularly preferred way of achieving intraceUular delivery of polypeptides, 
nucleic acids and other agents is to use "carrier peptides" which have the ability to deliver 
macro-molecules across cell membranes in an energy-independent manner. Indeed, such 
10 peptides provide the possibility of both testing potential agents in cell culture without 
drastically altering cell membrane integrity and of delivering agents in vivo. Carrier 
peptides that are known in the art include penetrating and variants thereof (Derossi et al, 
1994, 1996), human immunodeficiency virus Tat derived peptide (Prociantz, 1996), 
transportan derived peptide (Pooga et al, 1998) and signal peptides. 

15 Particularly preferred signal peptides are described in United States Patent 

No. 5807,746 the contents of which are incorporated herein in its entirety. In particular, a 
signal peptide for Kaposi fibroblast growth factor (K-FGF) having or incorporating the 
amino acid sequence AAVALLPAVLLALL A or AAVALLPAVLLALLAP is preferred. 

It is not necessary that the signal peptide used in a method of the invention be a 
20 complete signal peptide and fragments or homologues and the like which retain the 
ability to penetrate the outer cellular membrane to effect delivery of the attached agent 
into the cy tosol of the cell may be utilised. In the instance the agent is a nucleic acid, the 
signal peptide will typically also be capable of penetrating through the nuclear membrane 
of eukaryotic cells and thereby effecting translocation of the attached nucleic acid into the 
25 nucleus of the cell. 

The agent may be linked to the carrier peptide in any conventionally known 
manner. For instance, a polypeptide may be linked directly to a carrier peptide through 
an amino acid linker sequence by a peptide bond or non-peptide covalentbond using a 
crosslinking reagent. For agents that have a negative charge such as nucleic acids, the 
30 agent may be linked to the carrier peptide by charge-association between the negatively 
charged agent and the positively charged amino acids in the carrier peptide or linker 
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sequence. Chemical ligation methods may also be used to create a covalent bond between 
the carboxy terminal amino acid of the carrier peptide or linker sequence and the agent 

Specific targeting of agents to abnormal cells can be realised by coupling a ligand or 
antibody or binding fragment thereof (such as Fab and F(a*) 2 fragments) to carrier 

5 molecules such as penetratin which are in turn coupled to the agent Another approach 
may employ coupling the carrier-agent complex to integrin receptor-targeted peptides 
which target an extracellular integrin domain. For example, peptides with the sequence 
DLXXL can be used to target the extracellular domain of £6. Given that B6 expression 
enhances effective proteolysis at the cell surface by matrix metalloproteinase-9 (MMP-9) 

10 (Agrez et al, 1999), such targeting approaches include engineering an MMP-9 cleavage 
site between the targeting moiety and the carrier to f adlitate internalisation of the carrier- 
agent complex. As another example, the ligand recognition motif for ccVB6 integrin, 
RTDLDSLRTYTL may be used in conjunction with or without an engineered MMP-9 
cleavage site to deliver the carrier-agent complex to the surface of the target cell. Further 

15 protocols for delivering nucleic acids to cells by targeting integrins is described in 
Bachmann et al, 1998. 

The provision of fusion proteins and use of fusion proteins incorporating a 
polypeptide which binds to the binding domain of a MAP kinase for an integrin is 
expressly provided for by the invention. Polypeptides and fusion proteins or the like may 

20 be synthesised or produced using conventional recombinant techniques. Nucleic acid 
encoding a fusion protein may for instance be provided by joining separate DNA 
fragments encoding peptides or polypeptides having desired three dimensional 
conformations and/ or amino acid sequences by employing blunt-ended termini and 
oligonucleotide linkers, digestion to provide staggered termini as appropriate, and 

25 ligation of cohesive ends. Alternatively, PCR amplification of DNA fragments can be 
utilised employing primers which give rise to amplicons with complementary termini 
which can be subsequently ligated together (eg. see Current Protocols in Molecular 
Biology. John Wiley & Sons, 1992). 

Polypeptides and fusion proteins may be expressed in vitro and purified from cell 
30 culture for administration to a subject or cells may be transfected with nucleic acid 

encoding a polypeptide or fusion protein for in vitro or in vivo expression thereof. The 
nucleic acid will typically first be introduced into a cloning vector and amplified in host 
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cells, prior to the nucleic acid being excised and incorporated into a suitable expression 
vector for transfection of cells. 

Typical cloning vectors incorporate an origin of replication (an) for permitting 
efficient replication of the vector, a reporter or marker gene for enabling selection of host 
5 cells transformed with the vector, and restriction enzyme cleavage sites for facilitating the 
insertion and subsequent excision of the nucleic acid sequence of interest Preferably, the 
cloning vector has a polylinker sequence incorporating an array of restriction sites. The 
marker gene may be drug-resistance gene (eg. Amp' for ampicillin resistance), a gene 
encoding an enzyme such as chloramphenicol acetyltransferase (CAT), (3-lactamase, 

10 adenosine deaminase (ADA), aminoglycoside phosphotransferase (APH), dihydrofolate 
reductase (DHFR), hygromydn-B-phosphotransferase (HPH), thymidine kinase (HQ, or 
for instance p-galactosidase encoded by the £. colilacZ gene (LacZ). Yeast reporter 
genes include imidazole glycerolphosphate dehydratase (HK53), A^S'-phosphoribosyl)- 
anthranilate isomerase (TRP1) and [3-isopropylmalate dehydrogenase (LEU2). As will be 

15 appreciated, expression vectors of the invention may also incorporate such marker genes. 

Cloning vectors include cloning vectors for mammalian, yeast and insect cells. 
Particular vectors that may find application include pBR322 based vectors and pUC 
vectors such as pUC118 and pUC119. Suitable expression and cloning vectors are for 
instance described in Molecular Cloning. A Laboratory Manual., Sambrook et al., 2nd Ed. 
20 Cold Spring Harbour Laboratory., 1989. 

Suitable expression vectors include plasmids and cosmids capable of expression of a 
DNA(eg. genomic DNA or cDNA) insert. An expression vector will typically include 
transcriptional regulatory control sequences to which the inserted nucleic acid sequence is 
operably linked. By "operably linked" is meant the nucleic acid insert is linked to the 

25 transcriptional regulatory control sequences for permitting transcription of the inserted 
sequence without a shift in the reading frame of the insert. Such transcriptional 
regulatory control sequences include promotors for facilitating binding of RNA 
polymerase to initiate transcription, expression control elements for enabling binding of 
ribosomes to transcribed mRNA, and enhancers for modulating promotor activity. A 

30 promotor may be a tissue specific promotor which f adlitates transcription of the nucleic 
acid insert only in specific cell lineages and not in other cell types or only to a relatively 
low level in such other cell types. The design of an expression vector will depend on the 
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host cell to be transfected, the mode of transfection and the desired level of transcription 
of the nucleic acid insert 

Numerous expression vectors suitable for transfection of prokaryotic (eg. bacterial) 
or eukaryotic (eg. yeast, insect or mammalian cells) are known in the art Expression 
vectors suitable for transfection of eukaryotic cells include pSV2neo, pEF.PGK.puro, 
P Tk2, pRc/CNV, pcDNAI/neo, non-replicating adenoviral shuttle vectors incorporating 
the polyadenylation site and elongation factor 1-ct promoter and pAdEasy based 
expression vectors most preferably incorporating a cytomegalovirus (CMV) promoter (eg. 
see He et al, 1998). For expression in insect cells, baculovirus expression vectors may be 
utilised examples of which include pVL based vectors such as pVL1392, and P VL941, and 
pAcUW based vectors such as pAcUWl. Viral expression vectors are particularly 
preferred. 

Any means for achieving the introduction of the nucleic add into a target cell may 
be used. Transfer methods known in the art include viral and non-viral transfer methods. 
Suitable virus into which appropriate viral expression vectors may be packaged for 
delivery to target cells include adenovirus, vaccinia virus, retroviruses of avian, murine 
and human origin, herpes viruses including Herpes Simplex Virus (HSV) and EBV, 
papovaviruses such as SV40, and adeno-associated virus. Particularly preferred virus are 
replication deficient recombinant adenovirus (eg. He et al, 1998). Engineered virus may 
be administered locally or systemically to achieve delivery of nucleic acid sequence into a 
target cell. 

Rather than utilising viral mediated transfection of cells, nucleic acid sequences and 
other agents may be introduced into a cell in vitro or in vivo by liposome mediated 
transfection. The liposomes may carry targeting molecules for maximising delivery of the 
agent or agents contained therein to specific cell types of interest Such targeting 
molecules include antibodies or binding fragments thereof as described above, ligands or 
cell surface receptors for facilitating fusion of liposomes to the specific cells of interest 
Agents may also be intracellularly delivered in vitro using conventional cold or heat 
shock techniques or for instance, calcium phosphate coprecipitation or electroporation 
protocols as are known in the art Yet another strategy is to design the agent to have the 
inherent ability to pass across the lipid bilayer of a cell. 
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Host cells that may be used for expression of polypeptides or fusion proteins 
include bacteria such as R colt, Bacillus such as B. subtilis, Streptomyces and 
Pseudomonasbactetial strains, yeast such as Sacchromyces and Pichia, insect cells, avian 
cells and mammalian cells such as Chinese Hamster Ovary cells (CHO), COS, HeLa, 
HaRas, WI38, SW480, and NIH3T3 cells. The host cells are cultured in a suitable culture 
medium under conditions for facilitating expression of the introduced nucleic acid prior 
to purification of the expressed product from the host cells, and/or supernatants as the 
case may be using standard purification techniques. 

The toxicity profile of an agent may be tested on normal and abnormal ceUs such as 
cancer cells by evaluation of cell morphology, trypan-blue exclusion, assessment of 
apoptosis and cell proliferation studies (eg. cell counts, 3 H-thymidine uptake and MTT 
assay). 

Agents of the invention may be co-administered with one or more other compounds 
or drugs. For example, an agent or agents may be co-administered in combination or in 
conjunction with antisense therapy or chemotherapeutic drugs. By "co-administered" is 
meant simultaneous administration in the same formulation or in two different 
formulations by the same or different routes, or sequential administration by the same or 
different routes. By "sequential" administration is meant one is administered after the 
other, typically with a time delay of from very short times up to hours or for instance 
days. 

The agent or agents will typically be formulated into a pharmaceutical composition 
incorporating a pharmaceutically acceptable carriers and/ or excipient for administration 
to the intended subject. Pharmaceutical compositions include sterile aqueous solutions 
suitable for injection, (where the agent or agents is water soluble) and sterile powders for 
the extemporaneous preparation of sterile injectable solutions. Such injectable 
compositions will be fluid to the extent that the syringability exists and typically, will be 
stable to allow for storage after manufacture. The carrier may be a solvent or dispersion 
medium containing one or more of ethanol, polyol (eg. glycerol, propylene glycol, liquid 
polyethylene glycol and the like), vegetable oils and mixtures thereof. Fluidity may be 
maintained by the use of a coating such as lecithin and by the use of surfactants. 

Sterile injectable solutions will typically be prepared by incorporating the active 
agents in the desired amount in the selected solvent with various other components 
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enumerated above, prior to sterilising the solution by filtration. Generally, dispersions 
will be prepared by incorporating the sterile active agents into a sterile vehicle which 
contains the dispersion medium and other components. In the case of sterile powders, 
preferred methods of preparation are vacuum drying and freeze-drying techniques which 
5 yield a powder of the active agent plus any additional desired ingredient from previously 
sterile filtered solutions thereof. 

For oral administration, the active agents may be formulated into any orally 
acceptable carrier deemed suitable. In particular, the active ingredient may be formulated 
with an inert diluent, an assimilable edible carrier or it may be enclosed in a hard or soft 
10 shell gelatin capsule. Moreover, an active agent may be incorporated with exdpients and 
used in the form of ingestable tablets, buccal tablets, troches, capsules, elixirs, suspensions 
or syrups. 

Active agents may also be formulated into topically acceptable carriers 
conventionally used for forming creams, lotions or ointments for internal or external 
15 application. Topical formulations may be applied to a site to be treated by dressings and 
the like impregnated with the formulation. 

Typically, a composition of the invention will incorporate one or more preservatives 
such as parabens, chlorobutanol, phenol, sorbic acid, and thimersal. In many cases, a 
composition may furthermore include isotonic agents such as sugars or sodium chloride. 
20 In addition, prolonged absorption of the composition may be brought about by the use in 
the compositions of agents for delaying absorption such as aluminium monosterate and 
gelatin. 

Tablets, troches, pills, capsules and the like may also contain one or more of the 
following: a binder such as gum tragacanth, acacia, corn starch or gelatin; a disintegrating 
25 agent such as corn starch, potato starch or alginic acid; a lubricant such as magnesium 
sterate; a sweetening agent such as sucrose, lactose or saccharin; and a flavouring agent. 

Pharmaceutically acceptable carriers include any suitable conventionally known 
solvents, dispersion media and isotonic preparations or solutions. Use of such 
ingredients and media for pharmaceutically active substances is well known. Except 
30 insofar as any conventional media or agent is incompatible with the active agent, use 
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thereof in therapeutic and prophylactic compositions is included. Supplementary active 
ingredients can also be incorporated into the compositions if desired. 

It is particularly preferred to formulate parenteral compositions in dosage unit form 
for ease of administration and uniformity of dosage. Dosage unit form as used herein is 
to be taken to mean physically discrete units suited as unitary dosages for the subject to 
be treated, each unit containing a predetermined quantity of active agent calculated to 
produce the desired therapeutic or prophylactic effect in association with the relevant 
carrier used- 

When the dosage unit form is a capsule, it may contain in addition to one or more of 
the above ingredients a liquid carrier. Various other ingredients may be present as 
coatings or to otherwise modify the physical form of the dosage unit For instance, 
tablets, pills or capsules may be coated with shellac, sugars or both. In addition, an active 
agent may be incorporated into any suitable sustained-release preparation or formulation. 

Pharmaceutical compositions will generally contain at least about 1% by weight of 
the active agent or agents. The percentage may of course be varied and may conveniently 
be between about 5 to about 80% w/ w of the composition or preparation. As will be 
appreciated, the amount of active agent or agents in such compositions will be such that a 
suitable effective dosage will be delivered to the subject taking into account die proposed 
mode of administration. Preferred oral compositions according to the invention will 
contain between about O.ljxg and 4000mg of the active agent 

In addition, a pharmaceutical composition may contain a vector of the invention 
capable of transf ecting target cells. The vector may for instance, be packaged into a 
suitable virus for delivery of the vector into target cells as described above. 

The dosage of an active agent will depend on a number of factors including whether 
the agent is to be administered for prophylactic or therapeutic use, the condition for 
which the agent is intended to be administered, the severity of the condition, the age of 
die subject, and related factors including weight and general health of the subject as may 
be determined by the physician or attendant in accordance with accepted principles. For 
instance, a low dosage may initially be given which is subsequently increased at each 
administration following evaluation of the subjects response. Similarly, frequency of 
administration may be determined in the same way that is, by continuously monitoring 
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the subject's response between each dosage and if necessary, increasing the frequency of 
administration or alternatively, reducing the frequency of administration. Typically, an 
agent will be administered in accordance with a method of the invention at a dosage up to 
about 50mg/kgbody weight of the mammal and preferably in a range of from about 
5 20mg/ kg to 40mg/ kg body weight 

The route of administration of a pharmaceutical composition will again depend on 
the nature of the condition for which the composition is to be administered. Suitable 
routes of administration include but are not limited to respiritoraly, intratracheally, 
nasopharyngeal^, intraveneously, intraperitonealy, subcutaneously, intracranialy, 
10 intradermially, intramuscularly, intraoccularly, intrathecally, intranasally, by infusion, 

orally, rectally, via IV group patch, topically and by implant. With respect to intravenous 
routes, particularly suitable routes are via injection into blood vessels which supply a 
tumour or particular organs to be treated. Agents may also be delivered into cavities such 
for example the pleural or peritoneal cavity, or be injected direcdy into tumour tissue. 

15 The present invention will be described herein after with reference to a number of 

examples. 

Example 1: Binding of MAP kinases to the cytoplasmic domain of integrin 
subunit chains. 

1.1: ELISA assay for detection of MAP kinase binding 

20 An assay was developed for detecting the ability of MAP kinases to bind with a 

peptide agent in solution. 

Briefly, the MAP kinase is added to an eppendorf tube containing a biotinylated test 
peptide in phosphate buffered saline (PBS) at pH 7.4. The mixture is allowed to stand at 
room temperature for 10 minutes with occasional mixing by gentle inversion of the tube. 
25 The MAP kinase / test peptide mixture is then transferred to a pre- washed (PBS x 3 x 100 
jil) 96-well streptavidin coated ELISA microtitre plate and allowed to stand for 60 minutes 
at room temperature. At the end of the 60 minute period, the MAP kinase/ test peptide 
mixture is tipped from the ELISA plate and the wells washed 3 times with wash solution 
(PBS + 0.05% Tween - 20). 
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• Primary antibody detection for the MAP kinase is then added to the test wells and 
the ELISA plate is allowed to stand for a further 30 minutes at room temperature before 
the antibody solution is decanted from the plate and the wells again washed with the 
wash solution. Optimal dilutions of primary detection antibody are pre-determined for 
each target MAP kinase. Alkaline-phosphatase or other enzyme conjugated anti-primary 
species antibody at a dilution of 1:2000 v/ v is subsequently added to the wells and the 
microtitre plate is allowed to stand for another 30 minutes at room temperature, before 
the washing step is repeated and phosphatase detection reagent is added to the wells and 
the colour reaction allowed to develop. The wells are read at 405 tun using amicroplate 
reader (Bio-Rad). Controls comprise non-biotinylated peptide and biotinylated peptide 
alone 

1.2: ERK, JNK and p38 MAP kinases bind to integrins 

The binding of various MAP kinases to the cytoplasmic domain of 06 was tested 
using the assay described in Example 1.1. Specifically, the biotinylated ERK2 amino acid 
sequence biotin-HRDLKPSNLLLNTTCDLKICDFGLAR was incubated with the 
cytoplasmic domain of 06 having the amino acid sequence 

HDPJCEVAKFEAERSKAKWQTGT^ md ^ 

binding interaction detected using the anti-06 antibody R6G9. The ERK fragment bound 
to the 06 domain is shown in Fig. 1. 

Similarly, the binding of ERK1 and ERK2 to the fragment RSKAKWQTGTNPLYR 
comprising the binding domain of the 06 integrin subunit was tested using the assay of 
Example 1.1 and the results are shown in Fig. 2. As can be seen, both ERK1 and ERK2 
bind to the 06 fragment. ERK1 and ERK2 used for all studies was obtained by 
purification of the protein following cleavage of GST-ERK1/2 with thrombin. GST- 
ERK1/2 are fusion proteins consisting of ERK coupled to glutathione-S-transferase and 
purified from host cells transfected with pGEX-4T vector. 

The fragment of 02 corresponding to the amino acid sequence 
RSKAKWQTGTNPLYR of 06 is KEKLKSQWNNDNPLFK. The peptide RSKAKNPLYR 
(arbitrarily designated peptide 10(4)) obtained by the deletion of the intervening sequence 
WQTGT from the 06 fragment also binds to ERK2 (see Example)). To test whether 
deletion of SQWNND from the 02 fragment had any effect, the peptide KEKLKNPLFK 
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(designated 02 (10(4)) was synthesised and incubated with ERK2. As shown in Fig. 3, the 
peptide was bound by ERK2. 

Next fragments of ERK2, p38 MAP kinase and JNK-1 MAP kinases were tested for 
ability to bind with the cytoplasmic domain fragment of 06 
5 HDRKEVAKFEAERSKAKWQTGTNPLYRGST^ The 
amino acid sequence for the ERK2 fragment used is 

HRDLKPSNLLLNTTCDLKICDFGLAR while that for the p38 MAP kinase and JNK-1 
MAP kinase fragments are HRDU^SNLAVNEDCEUa^DFGLAR and 
HI^LKPSNIVVKSDCTT^^ The results are shown in Fig. 4. All 

10 of the MAP kinase fragments bound to the 06 cytoplasmic domain. 

Example 2: Effect of the carrier moiety on inhibition of HT29 cancer cell activity 

2.1: Cell proliferation assay using MTT 

An assay using the substrate methylthiazoletetrazolium (MTT) was utilised to 
determine the inhibitory affect of peptide agents on cancer cell proliferation. MTT 

15 substrate (CAT No. M-2128, Sigma) is cleaved in growing cells to yield a water insoluble 
salt After solubilisation of the salt a coloured product is produced that allows 
quantitation of the proliferative activity of the cultured cells. To prepare the MTT 
solution for use in the assay, 100 mg of MTT is mixed with 20 ml of PBS at pH 7.4. The 
resulting solution is filter sterilised (0.2 ^iM syringe filter) and stored at 4°C protected 

20 from light until use. 

Cells from the colon cancer cell line HT29 were seeded into wells of a 96- well 
microtitre plate in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% 
foetal bovine serum, glutamine, Hepes, and antibiotics at a concentration of 2,000 
cells/ 100 Ml and cultured for 24 hours in 5% C0 2 in air at 37°C After the 24 hour 
25 incubation period the test agent (solubilised in complete DMEM) is added to test wells to 
a final media volume of 200 and the microtitre plate is incubated for a further 48 to 72 
hour period. 
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A 20 jil volume of the MTT solution prepared as above is then added to the test 
wells and the microtitre plate incubated for further 3 hours in 5% C0 2 in air at 37°C. The 
plate is subsequently centrifuged for 5 minutes at 2,000 rpm in a microplate carrier. The 
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supernatant is then removed from the weUs using a multichannel pipette leaving MIT 
crystals in the wells. 

To the wells is then added 150 ul of 6:1 v/vDMSO/ glycine solution (0.1 M glycine 
and 0.1 M Nad adjusted to pH 10.5 using NaOH) and the MTT crystals are dissolved by 
5 gently vortexing the microtitre plate. Absorbence is read at 550 ran using a microtitre 
plate reader. The percentage inhibition of proliferation of the test cells is calculated 
relative to untreated control cells. 

2,2? Synthesis and testing of peptide agents 

Cells from the colon cancer cell line HT29 express 06. To assess the effect of carrier 
10 moieties on inhibition of cellular activity of HT29 cells by peptides which bind to ERK2, 
peptides comprising the 06 fragment RSKAKWQTGTNPLYR linked directly to the p3 
signal peptide VTVXALGALAGVGVG (Liu et al, PNAS (1996) 93: 11819-11824) or 
AAVALLPAVLLALLA (designated nfkb) in which the terminal proline of the K-FGF 
signal peptide AAVALLPAVLLALLAP (designated nffcbp) (US Patent No. 6,248,558) has 
15 been deleted were synthesised as follows: 

VTVXALGALAGVGVGRSKAKWQTGTNPLYR (Frag 5B3) 
AAVALLPAVLLALLARSKAKWQTGTNPLYR (Frag 5 nfkb) 

The inhibition of the activity of the HT29 cells by the synthetic peptides was 
assessed using the cell proliferation assay described in Example 2.1 and the results are 
20 shown in Fig. 5. Use of the modified K-FGF signal peptide resulted in total inhibition of 
the proliferation of the HT29 colon cancer cells at the higher concentration of the 
peptides used. In contrast, use of the 03 signal peptide resulted in a decrease in 
proliferation of the cells to only about 37% of mat of the control cells. 

Synthetic peptides comprising the 10(4) peptide RSKAKNPLYR linked directly to 
25 penetratin (RQDOVVTQNRRMKVVKKC) or the modified K-FGF signal peptide 
AAVALLPAVLLALLA were also prepared and their inhibitory effect of the 
proliferation of the HT29 colon cancer cells assessed as described above. The complete 
sequences for these peptides are as below and the results are shown in Fig. 6. 

AAVALLPAVLLALLARSKAKNPLYR (Ik-2 (sig)) 
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RQIKIWFQNRRMKWKKRSKAKNPLYR (Ik-2 (pen)) 

A greater degree of inhibition was observed using the modified K-FGF signal 
peptide at all concentrations of the synthetic peptides tested. 

A comparison of the inhibitory effect of the 10(4) peptide RSKAKNPLYR linked to 
5 the K-FGF signal peptide with and without the terminal proline residue on the 

proliferation of the HT29 cells is shown in the Fig. 7. The complete sequences for the 
peptides are as follows: 

AAVALLPAVLLALLARSKAKNPLYR (nfkbl0(4)acetate) 

AAVALLPAVLLALLAPRSKAKNPLYR (nfkbl0(4)p) 

10 As indicated in Fig.7, the presence of the terminal proline of the K-FGF signal 

peptide resulted in a greater degree of inhibition of proliferation of the HT29 cells over 
the concentrations of the peptides used with total inhibition being achieved by both 
synthetic peptides at the highest concentration employed. 

Example 3: Inhibition of 06 expressing and non-expressing cells. 
15 3.1 FACScan Analysis 

Different cell lines were assessed for 03, 05 and 06 expression by FACScan 
analysis. Briefly, monolayer cultures of the cells were harvested with trypsin/EDTA. 
Cells were washed once with PBS, incubated with primary antibody against integrin 
subunits for 20 minutes at 4°C and then washed twice with PBS. Cells were then 
20 stained with secondary antibody conjugated with phycoerythrin for 20 minutes at 4°C, 
washed twice with PBS and resuspended in 0.5 ml PBS prior to FACScan analysis 
(Becton Dickenson, Rutherford, New Jersey, USA). 

FACScan results for normal human umbilical vein endothelial cells (HUVEC), the 
neuroblastoma cell line SH-SY5Y, the leukemia cell line HL 60, the prostate cancer cell 
25 line was DU 145 and the HMEC-1 cell line are shown in Fig. 8A to E, respectively. 

HMEC-1 cells are malignant HUVEC cells which have been transformed with the virus 
SV40. As indicated in the graphs shown, all of these cell lines are essentially non-06 
expressing cells but do express 03 and 05 with the exception of the SH-SY5Y cell line 
which is also essentially non-05 expressing. In contrast, the colon cancer cell line HT29, 
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the lung cancer cell line H460, and the melanoma cell line WM 115 are all 06 expressing 
cells as shown in Fig. 9 A to Q respectively. The breast cancer cell line MCF-7 is also £6 
expressing (data not shown). 

3.2 Inhibition of cell proliferation 

The ability of the 10(4) peptide RSKAKNPLYR linked to the signal peptide 
AAVALLPAVLLALLA to inhibit the prolif eration of the above cell lines was assessed 
using the cell proliferation assay described in Example 2.1. 

As shown in Fig. 10A, administration of the peptide agent to HUVEC cells has 
essentially no impact on the proliferation of cells. In contrast, administration of the 
peptide agent to the leukaemia cell line HL60, the prostate cancer cell line DU145 and 
the HMEC-1 cell line resulted in increasing levels of inhibition of cellular activity as 
concentrations of the peptide increased with total inhibition of proliferation being 
observed at the highest concentration of the peptide as indicated in Fig. 10B to Fig. 10D. 
The same result was found for the lung cancer cell line H460 and the melanoma cell line 
WM115 using the peptide agent as shown in Fig. 10E and Fig. 10F, respectively. The 
inhibition of proliferation of HT29 colon cancer cells when treated with the (55 integrin- 
derived RSRARYEMASNPLYR peptide or RSRARNPLYR linked with the modified 
signal peptide AAVALLPAVLLALLA (designated nf-b5-frag 5 and nf-b5-10-4, 
respectively) is shown in Fig. 10G. While both peptides inhibited proliferation of the 
cells, a greater degree of inhibition was observed for the peptide agent incorporating 
RSRARNPLYR. 

A comparison of the inhibitory effect of the peptide 
AAVALLPAVLLALLAPRSKAKNPLYR (nfkbl0(4)p) on the proliferation of HUVEC 
and HMEC-1 cells shown in Fig. 10H. As can be seen, increasing inhibition of 
proliferation of the HMEC-1 cell line was observed with increasing concentration of the 
peptide while inhibition of proliferation of the HUVEC cells was relatively minimal. 

The finding that the malignant HMEC-1 cells but not normal HUVEC cells are 
inhibited by the peptide agent shows selective activity of the peptide agent on the cancer 
cells. 
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Inhibition of proliferation of HT29 cells using a peptide having the amino acid 
sequence RARAKWDTANNPLYK comprising the binding domain of 03 (designated 
nfkb-03) for ERK2 is shown in Fig. 101. The signal peptides AAVALLPAVLLALLA and 
AAVALLPAVLLALLAP alone have essentially no effect on the proliferation of any of 
the cell lines tested (data not shown). 

Example 4: Comparison with conventional anti-cancer drugs 

4.1: Effect of 06 cytoplasmic derived peptide on HT29 colon cancer cell 
proliferation compared to 5-fluorouradl (5-FU) 

HT29 colon cancer cells were treated with either the anti-cancer drug 5-FU or the 
10(4) peptide RSKAKNPLYR linked to the K-FGF signal peptide 

AAVALLPAVLLALLAP. As can be seen in Fig. 11, the peptide (designated nfkbl0(4)p) 
was more effective at inhibiting the proliferative response of the HT29 colon cancer cells 
compared to 5-FU. 

The effect of the AAVALLPAVLLALLARSKAKWQTGTNPLYR peptide agent on 
normal HUVEC cells compared to 5-FU is shown in Fig. 12. The peptide agent is 
designated IK-1 in the figure. The graph shows that the peptide has essentially no 
impact on the cells in contrast to the toxicity of the chemotherapeutic agent 5-FU. Fig. 13 
further shows that the 10(4) peptide RSKAKNPLYR linked directly to the K-FGF signal 
peptide AAVALLPAVLLALLAP (designated nfkbl0(4)p in the figure) is more effective 
in inhibiting proliferation of the colon cancer cell line HT29 compared to the 
chemotherapeutic agent CPT-11 at all concentrations used. 

Example 5: Effect of peptide agents on in vivo tumour growth in Balb/c Nu/Nu 
nude mice 

The ability of the peptide agent AAVALLPAVLLALLARSKAKWQTGTNPLYR 
(designated IK-1) to inhibit tumour growth in immune-deficient mice was assessed. 

Balb/ c female athymic mice (8 weeks of age obtained from the Animal Resource 
Centre, Perm, Western Australia) were maintained under pathogen-free conditions and 
fed standard mouse chow and water ad lib. The mice were divided into groups of ten 
each. Mice in different groups were marked by ear notching. Briefly, the mice were 
anaesthetised using isoflurothane by inhalation and their ears marked using a surgical 
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punch. After a recovery period of 48 hours, the mice in each group were injected with 1 
x 10 6 HT29 colon cancer cells in standard DMEM culture medium subcutaneously 
dorsally behind the right shoulder using a 21-gauge needle. Animal weights and 
tumour sizes (breadth and length measured with callipers) were recorded weekly. Mice 
were sacrificed by GO z asphyxiation and tumour mass excised for measurement. 

Mice were injected twice weekly for four weeks commencing 10 days after tumour 
ceil innoculation with DMEM, signal peptide (AAVALLPAVLLALLA) (designated 
"carrier") or the DC1 AAVALLPAVLLALLAKSKAKWQTGTNPLYR peptide agent, and 
tumour growth was compared to an untreated control group. 

Fig. 14A and Fig. 14B show tumour growth and mouse weight for mice which 
received intra-tumoural injections, respectively. Tumour growth in mice which received 
carrier peptide or DMEM was greater than the untreated control mice group indicating 
the carrier peptide and culture medium provided a nutrient source for the tumours. In 
contrast, mice treated with the DC-1 peptide agent showed marked inhibition of tumour 
growth compared to the untreated control group. Substantially no difference in mouse 
weight was observed for the untreated and DC-1 treated mice groups at day 28 relative 
to time 0 (Fig. 14B). However, mice in the carrier peptide and DMEM treated groups 
showed marked weight loss compared to the control group at day 28. Inhibition of 
tumour growth was observed for mice injected intra-peritoneally with the peptide agent 
as shown in Fig. 15. 

It will be appreciated by persons skilled in the art that numerous variations 
and /or modifications may be made to the invention as shown in the specific 
embodiments without departing from the spirit or scope of the invention as broadly 
described. The present embodiments are, therefore, to be considered in all respects as 
illustrative and not restrictive. 
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